We have established a library of hamster cells transformed by adenovirus 5 DNA fragments comprising all (XhoI-C, 0 to 16 map units) or only a part (HindIII-G, 0 to 7.8 map units) of early region 1 (El: 0 to 11.2 map units). These lines have been analyzed in terms of content of viral DNA, expression of El antigens, and capacity to induce tumors in hamsters. All cells tested were found to express up to eight proteins encoded within ElA (0 to 4.5 map units) with apparent molecular weights between 52,000 (52K) and 25K. Both G and C fragment-transformed lines expressed a 19K antigen encoded within E1B (4.5 to 11.2 map units), whereas an E1B 58K protein was detected in C fragment-transformed, but not G-fragment-transformed, lines. No clear distinction could be drawn between cells transformed by HindIII-G and by XhoI-C in terms of morphology or tumorigenicity, suggesting that the E1B 58K antigen plays no major role in the maintenance of oncogenic transformation, although possible involvement of truncated forms of 58K cannot be ruled out. Sera were collected from tumor-bearing animals and examined for ability to immunoprecipitate proteins from infected cells. The relative avidity of sera for different proteins was characteristic of the cell line used for tumor induction, and the specificity generally reflected the array of viral proteins expressed by the corresponding transformed cells. However, one notable observation was that even though all transformed lines examined expressed antigens enoded by both the 1.1-and 0.9-kilobase mRNAs transcribed from ElA, tumor sera made against these lines only precipitated products of the 1.1-kilobase message. Thus, two families of ElA proteins, highly related in terms of primary amino acid sequence, appear to be immunologically quite distinct.
Human adenovirus infection of cultured rodent fibroblasts has been shown to induce a morphological transformation to a potentially oncogenic state (9, 10, 38, 42, 54) . Although the majority of transformed cell lines established after adenovirus 2 (Ad2) or Ad5 infection appear to stably integrate only a portion of the viral DNA into the cellular genome, the cells invariably retain and express the leftmost approximately 14% of the viral genome (8, 15) . Studies on transformation by DNA transfection have established that only sequences of early region 1 (El, 0 to 11.2 map units [m.u.] of the viral genome) are required for transformation of rodent cells (18, 36, 48, 51) . The mRNAs complementary to this region define two distinct nonoverlapping transcription units: ElA, 1.5 to 4.4 m.u. (1, 4) ; and ElB, 4.5 to 11.2 m.u. The three ElA mRNA species of 1.1, 0.9, and 0.6 kilobases (kb) direct the synthesis of seven proteins detectable by a combination of in vivo and in vitro techniques. On two-dimensional polyacrylamide gels the in vivo translation products of the 1.1-and 0.9-kb mRNAs form a cluster containing at least six species that range in molecular weight from 58,000 (58K) to 42K (6, 25, 44, 49) ; the product of the 0.6-kb mRNA is a 28K protein that has only been observed in vitro (50) . The ElB 1.0-and 2.2-kb mRNAs both encode a 19K major tumor antigen, but the 2.2-kb message also directs the synthesis of a 58K major tumor antigen by utilizing an internal translation initiation site for a different reading frame that partially overlaps the coding sequences for the 19K antigen (3). It (18, 47) . Thus viral sequences with transforming activity appear to include only the 5' half of the E1B transcription unit. Transformation by DNA fragments containing even less of the E1B coding sequences (KpnI-H, 0 to 5.9 m.u., HpaI-E, 0 to 4.5 m.u.) has been reported, but required less stringent assay conditions for transforming activity than has been used for larger DNA fragments and virions (26, 47, 48) . In addition, the resulting transformed lines were morphologically different from cells transformed by HindIII-G or larger fragments (more fibroblastic, slower growing, lower saturation densities). Thus, the regions of the AdS genome required for establishment of "fully" transformed cells may extend to a point between approximately 6 and 8 m.u. from the left end of the AdS genome.
An important question related to viral DNA sequences involved in transformation is whether cells transformed by DNA fragments comprising less than the entire El region are capable of inducing tumors in appropriate animals. Ad2 and Ad5 virus-transformed hamster cells induce tumors when injected into newborn hamsters (18, 33, 52) , whereas rat cells transformed by these viruses only induce tumors when injected into young immunosuppressed rats (11) or nude mice (13) . In contrast, Adl2-transformed rodent cells induce tumors both in syngeneic animals and in nude mice (13, 14, 27, 32) . Although the reasons for the differences in tumorigenicity of virus-transformed rodent cells in their respective species remains unknown, it has been reported that neither BRK cells transformed by Adl2 HindIII-G (0 to 7.2 m.u.) nor cells transformed by AdS HindIII-G (0 to 8.0 m.u.) are capable of inducing tumors in nude mice (27, 52) . In addition, characterization of BRK cells transformed by plasmid DNA containing Ad5-Adl2 hybrid region El has suggested that the differences in oncogenic potential in nude mice between cells transformed by "highly oncogenic" (Adl2) and "nononcogenic" (Ad5) serotypes are due to differences in the expression of E1B (2 (28, 31, 32, 37, 41, 45, 47) . Of these, only the E1B 58K and 19K antigens have been identified unequivocally in BRK cells transformed by DNA fragments of various lengths (47) and by comparative tryptic peptide mapping (32, 37) .
In (54) , as has the human cell line 293 (20) .
The wild-type strain of AdS used in this study has been described previously (54) . Titers of wild-type AdS were determined by plaque assay on monolayers of 293 cells; the particle/PFU ratio of virus preparations was in the range of 50 to 100.
Isolation of DNA fragments. Viral DNA digested with restriction endonuclease Hindlll or XhoI was electrophoresed on 1% agarose slab gels, and individual fragments were collected on Whatman paper strips as described by Girvitz et al. (17) .
Transformation assays. Primary baby hamster kidney cells in 60-mm petri dishes were transformed with DNA by the calcium technique (21, 22) , with modifications (19) . Specifically, restriction endonuclease fragments of viral DNA were mixed with high-molecular-weight carrier DNA (rat embryo DNA) at 10 ,ug/ml in 250 mM CaC12. The DNA in CaCl2 was then added slowly to 2x N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid-buffered saline (21) with bubbling (53) . After 30 min the DNA-calcium phosphate coprecipitate was added to BHK monolayers at 0.5 ml of suspension per culture dish containing 5 ml of medium. After 20 h of incubation at 37°C the medium was changed (alpha-minimal essential medium plus 10% fetal bovine serum), and the cells were incubated a further 2 days, at which time the medium was changed to selective medium (Joklik modified minimal essential medium plus 5% horse serum) as previously described (22) C HindIII digest-transformed lines also contain sequences from the right end of AdS (5) .
constant 100 V for 4 h. Fixed and dried gel slabs were exposed for autoradiography on Kodak XAR-5 X-ray film.
RESULTS

Transformation of primary baby hamster kidney cells.
Primary BHK cells prepared from kidneys of 1-week-old Syrian hamsters were transformed by AdS DNA fragments by the calcium technique (22) , with minor modifications (19) . Three different DNA preparations were used to transform: a limit HindIII digest of Ad5 DNA, unfractionated; the HindIII G fragment (left 8%) purified by agarose gel electrophoresis; and similarly purified XhoI C fragment (left 16%). As transformed colonies appeared and reached a suitable size (after 4 to 5 weeks), cell lines were established by isolating colonies or by subculturing cells from dishes in which a single colony was visible. In two cases (lines 945-Cl and 954-C4), the dishes were kept after colony isolation and later passaged to establish lines 945-4 and 954-21, respectively. Thus 945-Cl and 945-4, and 954-C4 and 954-21, are not independently isolated and, as discussed below, appear to be two sets of identical twins.
Because BHK cells are not particularly suited for quantitative assays and because the purpose of these experiments was to establish a number of lines for further study, a determination of the specific activity of different DNA fragments was not attempted. However, the number of colonies appearing in unstained cultures after 4 to 5 weeks suggested that the efficiency of transformation was similar (i.e., within two-to threefold) for all three DNA preparations. Quantitative assays carried out previously on baby rat kidney cells have indicated that Hindlll G fragments transform rat kidney cells with the same efficiency as larger DNA fragments (18, 51 (Fig. 1, lane I) , for example, induced a response primarily against a 14K antigen, whereas other lines, e.g., 954-6 (Fig. 1, lane G) , produced a response mainly against a 19K protein, and still other lines, e.g., 983-2 (Fig. 1, lane C) , 972-2 (Fig. 1, lane D) , and 14b (Fig. 1, lane (Fig. 1) . The two independent lines, 945-Cl and 954-C4, transformed by HindIlI-digested viral DNA, induced markedly different antigenic specificities in sera from tumor-bearing animals (Fig. 1) Another minor protein detected in some transformed cell lines comigrated with the 14K from infected cells. We have shown that the presence of this product in transformed cells correlates with the presence of viral DNA sequences corresponding to the HindIII F fragment (89.1 to 97.1 m.u.), and amino acid sequencing has proved that 14K is in fact encoded by early region E4 at the right end of the viral genome (5) . Although both of the independent HindIII digest-transformed lines analyzed in this study contain E4 sequences and express 14K, only the 945-Cl cell line (and its twin 945-4) induced antitumor sera which recognized this protein. Thus, although there is some similarity (compare Tables 2 and 3 ) between the spectrum of proteins found in, and the specificity of antisera against, transformed cells, it is clear that neither the presence nor the absence of a particular protein is necessarily reflected in the immune response obtained after injection into newborn hamsters.
Characterization of ElA polypeptides in transformed cells. In the above analysis of transformed cell polypeptides using immunoprecipitation with antitumor sera, we were unable to J. VIROL. detect proteins in the range of 45K to 52K, which correspond to ElA products. Although the long incubation periods used for labeling the transformed cells with [35S]methionine were not well suited for detecting proteins that may have been rapidly turning over, the most serious problem has been the low avidity of the antitumor sera for the ElA polypeptides. In a separate publication (56) we have described the preparation of rabbit antiserum (ElA-Cl) against a synthetic peptide (Gly-Lys-Arg-Pro-Arg-Pro) corresponding in sequence to the carboxy terminus of the ElA proteins as predicted from the structure of the ElA mRNAs of Ad5 (40) . Using this antiserum to immunoprecipitate wild type-and mutantinfected cell extracts, we identified four major (52K, 50K, 48.5K, 45K) and four minor (37.5K, 35K, 29K, 25K) phosphoproteins (see Fig. 4A ), of which 52K, 48.5K, and 37.5K were shown to be products of the ElA 1.1-kb mRNA, and the 50K, 45K, and 35K were shown to be products of the ElA 0.9-kb mRNA. There were no major differences in the migration patterns of these phosphoproteins when they were labeled with either [35S]methionine or 32p1; however, the 32p-labeled proteins tended to be more readily and clearly detected on one-and two-dimensional gels. When antitumor sera reacting with the ElA products were retested with 32p_ labeled, infected cell extracts and, for comparison, ElA-C1 anti-peptide serum, it was discovered that only the 52K and 48.5K products of the 1.1-kb mRNA were immunoprecipitated by antitumor sera (Fig. 3) . The number of different cell lines that induced this narrow range of serum specificity included cells transformed by virus, XhoI C or HindIII G fragments, and HindIII digests of viral DNA. None of the hamster antitumor sera tested so far has shown any avidity for the ElA 0.9-kb mRNA products. (ElA 0.6-kb mRNA has not been observed in either hamster, rat, or human adenovirus-transformed cell lines [24, 35] .) Thus, it seems possible that the antigenic sites recognized by hamster antitumor sera lie within or are determined by the sequence of 46 amino acids that are unique to the products of the 1.1-kb mRNA.
Since the unique segment of 46 amino acids in the 1.1-kb mRNA products might alter the conformation (and thus the antigenicity) of these proteins, the immune response of tumor-bearing hamsters could be limited to producing antibodies to them if 0.9-kb mRNA products were not made in transformed cells (even though translatable 0.9-kb mRNA has been detected in transformed hamster cells [24] ). To determine whether 0.9-kb mRNA products were synthesized in transformed cells, extracts of 32P-labeled, transformed cells were immunoprecipitated with ElA-C1 serum and then analyzed by two-dimensional polyacrylamide gel electrophoresis (Fig. 4) . The two-dimensional gel profile of the immunoprecipitate of 32P-labeled wild type-infected KB cells and the corresponding schematic representation (Fig. 4A and B Particularly interesting and surprising was the finding that tumor sera reacting with ElA products only precipitated proteins encoded by the 1.1-kb mRNA in spite of the fact that the transformed cells synthesized products encoded by both the 1.1-kb and 0.9-kb messages. Evidently the antigenicity of ElA products is strongly influenced by the stretch of 46 amino acids in the middle of the 1.1-kb mRNA products that are absent from the products of the 0.9-kb mRNA.
Characterization 
